The development of small, user friendly, handheld ultrasound devices has stimulated the growth of cardiac point-of-care ultrasound (POCUS) for the purpose of rapid, bedside cardiac assessment. Medical schools have begun integrating cardiac POCUS into their curricula. In this review the authors summarize the variable approaches taken by several medical training programs with respect to duration of POCUS training, prerequisite knowledge, and methods of delivering these skills (including e-learning, hands-on training, and simulation). The authors also address issues related to the need for competency evaluation and the limitations of the technology itself. The studies reviewed suggest that undergraduate education is a viable point at which to introduce basic POCUS concepts. (J Am Soc Echocardiogr 2018;31:749-60.) Keywords: Point-of-care ultrasound, POCUS, Handheld ultrasound, Teaching, Guidelines
The utility of cardiac ultrasound as a teaching tool is of particular interest to medical school educators. Many medical schools have begun to incorporate novel teaching protocols that include cardiac ultrasound in their curricula. The American Society of Echocardiography (ASE) also defined its position by stating that POCUS may be viably integrated into medical school curricula and may be used by noncardiologists and nonsonographers. 4 However, at this time, there is no standardized curriculum or universal testing benchmark for cardiac ultrasound at this level. Although the ASE is currently in the midst of developing such a recommended curriculum, the intent of this review is to summarize published reports to date of medical schools reporting their experiences in teaching cardiac POCUS. The intent is not to develop a training guideline but to summarize the literature that would underpin such a future effort.
For the purposes of this review, POCUS refers to the cardiac setting. Other terms used in the literature referring to cardiac POCUS include focused cardiac ultrasound and handheld cardiac ultrasound (HHU). We do not use the terms mini-echocardiography nor pocket echocardiography, in order to distinguish POCUS from limited standard TTE, which is a test that can be converted to a full protocol during the course of the study by a trained operator as dictated by the lesion encountered (Table 1) . Formal standard TTE has a body of literature associated with appropriateness, quality control, accreditation, archiving, and certification that is beyond the scope of this review.
WHAT DO WE TEACH? CURRENT GOALS OF CARDIAC POCUS MEDICAL SCHOOL EDUCATION
The ASE and the European Association of Echocardiography both assert that POCUS should not be considered as a substitution for either the clinical examination or standard echocardiography. 2, 5 Rather, such scans should be demonstrated to provide diagnostic value when used as adjuncts to a clinical examination. [6] [7] [8] [9] Because fundamental clinical examination skills have been shown to develop during medical school, POCUS training during this time may therefore have the most significant impact.
An overview of the current literature demonstrates significant variability in the design of the curricula used by medical schools, ranging from no teaching to highly extensive teaching in all years and all blocks of education. When used by most medical schools, the overall goals of teaching POCUS appear to be summarized as follows: (1) introduction of the concept of ultrasound relatively early in medical education, including demonstration of common imaging views, correlation with anatomy, and physical examination skills; (2) development of scanning techniques to a basic level of competence; and (3) recognition and differentiation between normal anatomy and basic pathology.
With these goals in mind, the majority of studies introducing POCUS education to medical students have stressed curricula intended to educate students in making qualitative diagnoses of specific pathologies (such as the presence or absence of pericardial effusion) and developing scanning technique, as opposed to making quantitative diagnoses of severity. [6] [7] [8] [10] [11] [12] [13] In some studies, image acquisition and scanning technique using handheld devices took precedence over the recognition of specific pathologies. A preliminary curriculum created by Ho et al. 13 focused primarily on teaching fundamental POCUS theory and image acquisition and only briefly focused on clinical pathologies and diagnosis. Their curriculum was justified with the notion that diagnosis and interpretation require extensive time and clinical experience to acquire, whereas HHU technique and image acquisition can be learned within a brief training program. Eighty-two percent of the students enrolled in the study were deemed successful in their ability to acquire the correct images, whereas image interpretation was only lackluster. In contrast, some studies implemented educational goals aimed equally at image acquisition and quantitative diagnosis. [14] [15] [16] Beyond the performance of image acquisition, some schools use cardiac POCUS and general ultrasound teaching to facilitate the learning of basic cardiology concepts such as the physical examination in the medical school curriculum. One such application is the use of POCUS to assess right atrial pressure through visualization of the inferior vena cava, analogous to the physical examination technique of jugular veins. 17 Visualization of cardiac valve structure and function may also allow the teaching of auscultation and differentiation of cardiac murmurs and heart sounds. 18 Summary. Currently, medical schools are using cardiac ultrasound to teach anatomy, physical examination, and basic image acquisition and to introduce recognition of simple disease pathology such as pericardial effusion and valvular regurgitation. Creating a time frame for introducing POCUS education depends on consideration of prior knowledge. For example, an upper-year student with prior education in cardiology and/or ultrasound imaging would have an advantage over a novice first-year student without such education. Phase 1 of a study conducted by Cawthorn et al.
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consisted of an 8-week (16-hour) POCUS training program for firstyear medical students. When assessing image interpretation skills, students demonstrated an 86% increase in POCUS examination scores. However, the absolute mean postintervention score was quite low at 61.3%. Furthermore, of the five pathologies students were required to identify, significant improvement was observed for only two lesions assessed: left ventricular hypertrophy and mitral regurgitation. This observation was postulated to be attributed to a lack of prior knowledge: first-year students had not undergone their cardiology teaching rotation, and thus the effectiveness of the POCUS training protocol was restricted by the students' knowledge of cardiac anatomy and pathology. Phase 2 of the study consisted of a similar 4-week training curriculum totaling approximately 16 hours of training, except that the target group was third-year medical students who had all completed their cardiology training. Even with a condensed training program, the third-year students were found to significantly improve their POCUS skills, confirming the researchers' notion that a strong foundation had a priming effect facilitating POCUS education. It has also been proposed that using traditional ultrasound machines before delving into POCUS using handheld machines could be of benefit. Martinez et al. 16 designed a curriculum for a 1-month elective in emergency bedside ultrasound offered to third-and fourth-year medical students that encompassed a variety of examinations for emergency medicine (including POCUS). Each week, students tried a different ultrasound machine; however, HHU devices were not provided until the students demonstrated competence with full-size ultrasound machines. Martinez et al. asserted that their goal was to ensure that students built enough confidence interpreting acquired images using the highest quality full-size screen before transitioning to a pocket-size device. Student reception to the elective was positive, and the researchers concluded that students gained proficiency in ultrasound acquisition comparable with that of a resident (postgraduate trainee). Although institutions looking to establish a relatively brief or introductory curriculum for POCUS may not be able to incorporate the necessary time and resources involved with a full-service machine, those looking to use a longer duration curriculum may want to consider the use of full-size ultrasound machines before introducing HHU devices.
The ultrasound-integrated curriculum described by Hoppmann et al. 15 at the University of South Carolina School of Medicine takes the principle of prior ultrasound experience and knowledge a step further. This program places ultrasound as a foundational learning pillar that is taught vertically over all 4 years of medical school, alongside other fundamental and longitudinal skills, such as professionalism, quality, and patient safety. Image acquisition using traditional ultrasound machines is taught in the first year of medical school, with students focusing on using ultrasound images for anatomic and physiologic learning purposes. Second-year medical students are then taught to use ultrasound for pathology recognition, and POCUS is introduced into their physical diagnosis modules. It is not until the third year of medical school that students are finally provided the opportunity to use HHU devices during their primary clerkships in family medicine, internal medicine, and pediatrics. During this time, students practice POCUS, as well as focused ultrasound of the abdomen and pelvis. In addition to clinical implementation, students are assessed for HHU acquisition ability at ultrasound stations during their end-of-clerkship objective structured clinical examinations before entering the fourth year. Likely because of the cumulative experience in ultrasound and image acquisition, students score remarkably well. These educators reported that students could acquire good-quality images of the heart, inferior vena cava, abdominal aorta, gallbladder, and urinary bladder. Students were able to capture high-quality ultrasound images of the heart and vena cava, and when scored against image interpretation, the researchers reported an average interpretation score of 86% for 2014. 15 Through the use of a vertical curriculum, this study demonstrated the value of ultrasound as an active learning tool when integrated within a primary medical education model. The implementation of ultrasonography as a platform to introduce new concepts in anatomy, physiology, pathology, and physical examination diagnosis provided these medical students with early exposure to imaging while introducing a useful clinical skill that could be incorporated into future clinical practice. 15 Summary. Cardiac ultrasound can be taught in all years of medical school and in some schools is begun in the first year. Cardiac ultrasound as a teaching tool (i.e., anatomy teaching) and cardiac ultrasound as a diagnostic skill are distinct avenues of education. Evidence suggests some perquisite cardiac knowledge is advantageous in the performance of skills.
HOW MUCH TRAINING IS REQUIRED? CURRICULUM DURATION
There is no clear consensus concerning the duration of cardiac POCUS training required for postgraduate physicians, much less for medical students. Of published accounts from medical schools, qualitative diagnosis-focused curricular designs have ranged in their duration from as little as a 2-hour training program to as long as 25 hours. 6, 12 Longer curricular types were generally the result of more time provided for students to develop their image acquisition skills through hands-on practice. For example, shorter courses offering 1.5 to 3 hours of hands-on training indicated that students were unable to significantly detect the presence of certain valvular pathologies. 6, 10 However, several studies demonstrated that students with >5 hours of POCUS training afforded a significant improvement in valvular pathology diagnosis. 7, 11, 12 Considering that POCUS is regarded as an operator-dependent technique by the ASE, the notion that increasing practice time potentially correlates with increasing diagnostic value is expected. However, with the presence of financial HIGHLIGHTS POCUS can be used for rapid, bedside cardiac assessment. There is no guideline for a universal teaching curriculum for medical students. This review summarizes common elements found in current published POCUS programs. Programs reported use of e-learning, hands-on learning, and competency evaluation. Novice ultrasound users able to obtain adequate imaging that was able to determine a healthy model's EF through telementored education using Google Glass.
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concerns, resource commitments, and/or rigid scheduling, a POCUS curriculum may have to be tailored to fit an individual school's existing circumstances. A summary of POCUS curricula in various undergraduate medical education programs may be found in Table 2 . HHU devices currently offer simplistic user interfaces and basic controls. 2, 21, 22 However, true mastery of HHU may actually be more challenging than expected. Poorer image resolution, penetration, and processing power may result in greater difficultly for novice examiners to acquire and interpret adequate images. 2 Furthermore, because POCUS viability is operator dependent, adequate image acquisition skills will decline if not practiced consistently. Some educators report approaches that incorporate intensive POCUS training into the standard curriculum as solutions to these challenges.
14, 15 Nelson et al., 14 at the Icahn School of Medicine at Mount Sinai, introduced a mandatory POCUS curriculum for the entire first-year student body. Students were first taught basic ultrasound instrumentation on HHU devices and POCUS (as well as focused thoracic ultrasound and focused abdominal ultrasound) later in the curriculum as an adjunct to the physical examination module. By teaching POCUS and other HHU techniques alongside the physical examination, the class had higher cardiac assessment scores than could be achieved with physical examination alone. 14 In contrast, a study by Charron et al. 23 was unsuccessful in training emergency physicians with HHU devices to perform reliable POCUS using a brief 2-day training curriculum containing didactic cases and hands-on practice with volunteers. In a correspondence to the study, Gillon et al. 24 recommended that future POCUS training curricula should be combined with a longitudinal support system even after training is complete to maintain and enhance skills. This highlights an important challenge that faces POCUS education: ongoing quality control and the transition to clinical practice.
Maintenance of competence of POCUS skills is essential but remains a challenge. Kimura et al. 18 outlined the issue of postgraduate medical residents' losing their skills without adequate ongoing use of POCUS. Despite undergoing an extensive training program throughout postgraduate internal medicine residency, which included documentation of proficiency in a limited set of ultrasound tasks, physicians rapidly lost their skills over the next few years without practice. This study confirmed conventional wisdom that without investment in equipment immediately after training and use of practice, that knowledge and skill will be rapidly lost. Frequent reaffirmation of their imaging and interpretative skills is vital.
Summary. The duration of teaching cardiac ultrasound image acquisition and pathology recognition is highly variable. Given that evidence suggests that there is attrition of skills, standardization of cardiac ultrasound performance at the medical school level may inform the need for ongoing quality benchmarks.
HOW IS CARDIAC ULTRASOUND TAUGHT IN MEDICAL SCHOOLS? METHODS
The ASE recommends three core components of POCUS education: didactic education, hands-on training, and image interpretation. 2 Didactic education is currently used extensively to teach fundamental POCUS material before hands-on training. Fundamental material included the following curricular topics: ultrasound physics, relevant cardiac physiology and anatomy, and pathologic versus normal states. Didactic education offers the benefit of face-to-face interaction with instructors to directly answer questions pertaining to theory and technique as they arise. 2 Electronic learning (e-learning), involving the use of online multimedia and/or interactive programs, is considered beneficial when used as an adjunct to supplement didactic learning. 4 E-learning has a number of benefits. Students are allowed geographic portability to complete course work via Internet access and the flexibility of working through material at their own pace. 25 Furthermore, e-curricular designs generally require fewer resource commitments, such as classroom bookings and/or instructors. 25 As such, many POCUS curriculums have used ''booster resources'' that are intended to supplement any material learned from a lecture. 7 Stokke et al. 10 used a novel curriculum that incorporated e-learning when teaching medical students to diagnose valvular disease using HHU devices. An online precourse module was provided containing a number of ultrasound loop examples, as well as an overview of cardiac anatomy and pathology. Students demonstrated a significant increase in sensitivity to detect valvular disease when a physical examination incorporating POCUS was compared with a standard physical examination with a stethoscope alone (64% vs 40%). It was also noted by the researchers that this training curriculum allowed more efficient learning. Course time was relatively much shorter (only 4 hours of training total, not including booster modules) than similar didactic curricular types, but student improvement was comparable with curricular designs of greater length. The researchers surmised that this observation was due to the presence of the online modules, which compensated for a shorter training time.
Other studies have reinforced the idea that the use of e-learning may provide a viable alternative to didactic lectures as a means of introducing students to POCUS and teaching fundamental knowledge. 2, 10, 11, 15 As part of an investigation into developing a novel POCUS curriculum, Cawthorn et al.
11 investigated how a didactic learning module and direct hands-on ultrasound training compared with an e-learning module with hands-on training or independently directed high-fidelity simulation for teaching fundamental POCUS material to third-year medical students. Following either online or didactic training, students would then train with HHU devices to develop image acquisition skills independently or with the guidance of expert sonographers. Curricular topics between the didactic and e-learning programs were identical, with both programs teaching POCUS fundamentals, cardiac anatomy, basic ultrasound views, and a number of chosen pathologies to interpret. Students were then evaluated upon their image interpretation abilities and using an online multiple-choice examination, researchers found no significant difference in learned interpretation among the educational interventions. Furthermore, there were no significant differences in mean scanning accuracy, while the mean image quality score of the e-learning/ simulation program was significantly lower than the other two. Researchers postulated that these findings indicate an online module may be a viable option to teach POCUS if personnel resources are limited.
Millennial medical students have a strong propensity for the use of Web-and social media-based curricula. [26] [27] [28] Authors from The Ohio State University supplemented an ultrasound curriculum with ''push technology,'' whereby educational content was delivered to users' mobile devices through the use of Twitter and Facebook. This pilot study demonstrated that these technologies may represent effective teaching and engagement tools to deliver content in a novel way and in real time. 26 Flipped classroom approaches to medical education with POCUS have also been demonstrated, chiefly using Facebook as a secure learning resource for groups of students to participate in learning activities following traditional educational methods. 27 The investigators of a randomized trial incorporating this post hoc training demonstrated similar levels of knowledge retention after 6 weeks compared with students without access, but they also found that students appreciated this new teaching approach and were more satisfied with their learning activities. 27 Such Web-based activity could play a role in ongoing quality control and maintenance of knowledge. However, accurately documenting and reviewing the quality of the myriad of Web-and social media-based tools for POCUS is a challenge given the ever evolving nature of this format, which may or may not be peer reviewed for accuracy and appropriateness. During the writing of this review, commonly used hashtags demarcating POCUS-related tweets included #POCUS, #FOAMed (free open-access medical education), and #FOAMus (free open-access medical ultrasound). The Twitter handle @POCUSJournal and the corresponding app offer peer-reviewed case reports. A case-based HHU iBook is also available. The ASE POCUS task force is developing an online modular curriculum at the present time with components spanning the use of POCUS for teaching anatomy, physical examination, image acquisition, testing, and basic disease interpretation (personal communication). The intent is to create a ''menu'' of teaching modules that may be selected by medical educators and students on the basis of the differing needs of their existing curriculum and stage of study throughout the medical school program.
HANDS-ON PRACTICE AND SIMULATION FOR DEVELOPING IMAGE ACQUISITION SKILLS
When teaching students how to operate ultrasound devices for image acquisition, hands-on practice with live patients is considered of utmost importance in developing necessary clinical skills. Live patients offer a more realistic experience of a diagnostic setting, as students can become accustomed to various body types that reflect typical clinical practice (cardiac size, chest wall structure, patient cooperation, etc). Also, with the accompaniment of a sonographer instructor, feedback and troubleshooting can be provided immediately to students focusing on technique. Depending on when hands-on POCUS education is implemented, or the number of learners in a particular class, some curricula may require students to practice on one another before actual patients, as clinical etiquette has not yet been taught (similar to how students are encouraged to practice using their stethoscopes on one another before clinical internship). Although practicing POCUS skills on one another in student groups may not replicate the ''real-world'' application of POCUS, there are some derived benefits: the ability for significant repetition, a lower stress environment, and lower potential financial and manpower costs incurred when procuring real patients. Group size has varied among pilot studies; Ho et al. 13 used groups of four or five students, whereas Stokke et al. 10 used one-on-one practice. No evidence was provided about an ideal group size, but it has been generally assumed that hands-on sessions work best in smaller groups. Prospective studies may look to investigate how group size affects learning, as well as how many instructors per student are required.
Schools with integrated ultrasound curricula (including POCUS), such as the University of South Carolina School of Medicine or the Icahn School of Medicine at Mount Sinai, start implementing hands-on ultrasound practice as early as the first year of medical school.
14, 15 The University of South Carolina School of Medicine delivers an intensive, integrated, 4-year ultrasound curriculum to its medical students, while researchers at the Icahn School of Medicine at Mount Sinai incorporated an integrated POCUS program for just its first-year medical students. Similar to the University of South Carolina School of Medicine, ultrasound scanning sessions were coordinated with gross anatomy modules and basic pathology assessment. However, students were provided HHU devices (Vscan; GE Healthcare, Little Chalfont, United Kingdom) immediately, rather than starting with traditional ultrasound technology and eventually moving to HHU devices in later years. Unlike Hoppman et al., 15 Nelson et al.
14 emphasized a curriculum directed toward the practical utility of handheld ultrasound in a diagnostic setting. In this respect, the ultrasound curriculum at the Icahn School of Medicine may represent a more feasible approach to POCUS curricular implementation, rather than a 4-year broad ultrasound program.
The ASE considers POCUS simulation platforms to be suitable adjuncts to hands-on training but emphasizes that the majority of handson training should be performed on live patients. 2 With an increased interest in patient safety, a trainee's access to hands-on practice may be limited. Simulation platforms therefore provide a suitable alternative that does not put a patient at the risk of a novice physician and allows the trainee to develop confidence in scanning before patient interactions. There are several advantages of simulation technology. For example, a simulation-based POCUS curriculum also has the advantage of facilitating a standardized student assessment. Simulation technology has also been praised for its ability to display a wide variety of pathologies. These tools can now provide a wide library of pathologies that may be rare or difficult to find in real patients.
Although not yet a replacement for the challenge of generating images on the diversity of real patient anatomy, simulators can provide early learners with a rudimentary image generation experience and serve as a starting point before real patient encounters. However, when ultimately comparing ultrasound simulation platforms with traditional, supervised, hands-on practice on patients, there have been variable results with respect to skill acquisition. A previous study demonstrated that hands-on simulator training alone provided only modest improvement to scanning technique compared with instructor-led training. 11 It was suggested that this observation was likely due to an experienced instructor being able to provide constructive feedback, whereas no such feedback exists in a simulation platform. Therefore, it was proposed that a hybrid simulation/instructor-led training program has the potential to provide the most benefit.
Augmented reality is a novel technology that makes use of a device interface such as a smart phone or wearable technology to superimpose computer-generated virtual images over real-world objects as seen by the user and is of emerging interest among medical ultrasound educators for not only imaging acquisition but for simulating various clinical scenarios. A study by Russell et al. 19 evaluated the feasibility of a preliminary POCUS curriculum in which medical students wore an integrated augmented reality device (Google Glass) for real-time education by a remotely located instructor. After a brief introduction to the HHU device, students were instructed to obtain a parasternal long-axis view to approximate ejection fraction. A group instructed solely using Google Glass obtained adequate images of quality similar to another group of students taught directly by a live instructor. An augmented reality-based curriculum represents an option for distance curricula for which expertise may not be local. Other novel methods to enhance manual dexterity and image acquisition skills will continue to evolve rapidly: for example, a semiautomated or even artificially intelligent program embedded in a handheld device could precisely guide probe angles, correct image quality, and provide a diagnosis at the point of care. ''Gamification'' is also being explored as a way to stimulate accuracy of probe manipulation. There are currently no rigorous studies demonstrating outcomes in medical student learning using these emerging techniques.
Summary. The methodology for teaching POCUS to medical students is highly variable, with no standard techniques or curricula. Tools include traditional lectures, hands-on imaging guided by experts, and/or the use of simulation. The extent of disease interpretation is also variable, ranging from only assessment of normal to integration within a clinical context. E-learning of POCUS includes traditional online modules, but this image-based topic particularly lends itself to social media networking educational tools used by a new generation of digitally savvy learners.
COMPETENCY EVALUATION
POCUS and handheld ultrasound units are increasingly being used within primary medical education as both a teaching tool and a clinical skill, in addition to clinical practice for diagnoses and management of pathological states. The quality and performance of these imaging studies are highly operator dependent, and as a result, reliable and viable assessments of trainee competence are necessary to ensure their safe use in clinical settings. 29 The International Federation for Emergency Medicine POCUS curricular guidelines outline three core competencies critical to the performance of POCUS: image acquisition, interpretation, and clinical integration of findings to direct patient care. 30 When assessing image acquisition, competency was in some cases assumed when a trainee had performed a specified number of practice examinations, ranging from 25 to 300 depending on imaging study and organization. 31, 32 Further evidence demonstrates that true competency should be assessed by direct observation by an expert reviewer using examination-dependent checklists. 33, 34 Image interpretation may be assigned a metric score to assess recognition in addition to a trainee assessment of image adequacy for diagnoses. Finally, simulation-based experiences may be used to assess the integration of these studies to direct patient care. These assessment methods are largely institution dependent and include traditional testing via formal assessment (i.e., objective structured clinical examinations), simulation models, videotape review, direct observation of skills, overreading by experienced sonographers, monitoring of trainee error rates using quality assurance processes, and reaching a predetermined number of scans. 35, 36 Current evidence shows the best outcomes in validity and reliability with the incorporation of task-specific checklists and a global rating scale to assess good clinical practice. 37, 38 Todsen et al. 29 demonstrated good reliability and validity with the Objective Structured Assessment of Ultrasound Skills (OSAUS), in which a generic scale was implemented to score competence in POCUS. Operators were scored on the following categories: applied knowledge of ultrasound equipment, image optimization, systematic examination, image interpretation, and documentation of the examination (scan). Physicians were recorded performing ultrasound examinations, and their technical performance and their ultrasound images were assessed using the OSAUS scale by two consultant radiologists subspecialized in ultrasound examinations. The authors report that OSAUS scores could successfully discriminate among different levels of training and experience and that higher scores additionally correlated well with numbers of correct diagnoses. 29 Acute care POCUS certification is currently in development for operators beyond medical school in both the United States and Canada. In many jurisdictions, as an extension of the physical examination analogous to use of a stethoscope, no specific certification is required. In Canada, the Royal College of Physicians and Surgeons has recently formally recognized certification for advanced use of POCUS as an area of focused added competence (J. Tam, AFC Chair of Adult Echocardiography at the Royal College of Physicians and Surgeons of Canada, personal communication). The requirements include competency-based postgraduate training as well as maintenance of competence. Similarly, the National Board of Echocardiography is beginning to develop a critical care examination with use of POCUS as an area of competence. No such certification is currently available at the medical school level. Although the ASE is currently developing curricular material targeted toward medical students, there are no certification plans available. However, the recommendations and guidelines outlined for the accreditation of educational programs in diagnostic medical sonography as defined by the Joint Review Committee on Education in Diagnostic Medical Sonography could be adapted for a POCUS curriculum. 39 Summary. There are no formal or national standardized competency-based benchmarks for medical students, though some schools create and implement evaluation particular to their program using an objective structured clinical examination or the OSAUS. Current certifications in POCUS are specialty specific at the postgraduate level.
WHAT ARE THE LIMITATIONS FACED BY MEDICAL SCHOOLS FOR TEACHING POCUS?

Technology Limitations
Currently, there are technical limitations with the use of POCUS if using a handheld device or smaller portable device compared with a ''full service'' machine. The transducer is not yet the same on a portable unit as on the larger formalized ultrasound machines. 3 Complex image enhancement and artifact reduction capabilities have not yet been reproduced on the pocket machines, but vendors continue to rapidly improve the technology. Current handheld devices have significantly lower screen resolution and screen size, adding increased difficulty to use by the untrained operator. The abilities to zoom, alter the ultrasound beam focus, narrow the sector width, adjust dynamic range, use harmonic imaging, optimize imaging studies for enhanced contrast, alter grayscale, or optimize transducer frequency are currently lacking in the portable technology. 2 As the handheld units demonstrate, there is a trade-off between size and technology, with smaller devices containing fewer features than traditional machines, though this will likely change with further miniaturization of technology. These limitations make the identification of subtle findings inappropriate for POCUS use at the moment. 2 Data have demonstrated that although POCUS has important limitations for the imaging of pericardial constriction, pulmonary hypertension, and diastolic dysfunction, operators and units were able to reliably identify left ventricular enlargement, hypertrophy, systolic function, left atrial enlargement, right ventricular enlargement and systolic function, pericardial effusion, and inferior vena cava size. 2 Other potential limitations of POCUS include the use of these images to draw conclusions and guide patient care without ongoing mechanisms of archiving, quality control, and skill evaluation. For example, off-axis imaging and foreshortening of the imaging axis from the apical views may be interpreted incorrectly which may lead to inappropriate patient care and management. A full discussion of these important limitations balanced against advantages of cardiac POCUS is beyond the scope of this review. 2 
Diagnostic Limitations
An important limitation is the lack of published accounts regarding the diagnostic accuracy of POCUS use by medical students. Also, we were not able to incorporate work done by all schools using POCUS if there were no published accounts available. However, the general literature on the accuracy of POCUS use by operators other than medical students can be briefly summarized. The published literature reports both generalized descriptive analyses and traditional statistical methods to demonstrate accuracy of POCUS examinations using rates of concordance and discordance between POCUS and transthoracic echocardiographic studies. [40] [41] [42] [43] Descriptive analyses, using scale anchors such as poor, fair, moderate, good, and excellent agreement, were found to describe the rates of concordance and discordance between POCUS and gold-standard transthoracic echocardiographic studies. A limited number of published studies detailing the rates of concordance and discordance of POCUS studies compared with standard TTE were available, and these demonstrate good concordance. [40] [41] [42] [43] One study performed by Cullen et al. 40 was able to identify the assessment of left ventricular function and presence or absence of regional wall motion abnormalities as one source of discordance, with POCUS assessments overestimating the presence of regional wall motion abnormalities. This study also found that with the exception of discordance found at regional wall motion assessment, the majority of discordance was attributed to POCUS studies underestimating cardiac pathology rather than overestimating. 40 One study reported difficulty in imaging right ventricular function by POCUS compared with standard TTE, concluding, unsurprisingly that TTE produces higher quality images than POCUS. 41 These studies taken together, generally suggest that POCUS and traditional TTE have good, but not excellent, rates of concordance for the assessment of cardiac structure and function. [40] [41] [42] [43] Further work documenting medical student proficiency is required.
Personnel Resource Limitations
A challenge to implementing a sustainable POCUS program in medical education can be the insufficient volume and availability of expert faculty members. Those faculty with POCUS expertise may frequently be involved in POCUS education at the faculty development and postgraduate level and may have limited availability to accommodate the high volume of undergraduate learners. Cardiac POCUS expertise can be found in numerous disciplines, and identifying faculty champions from emergency medicine, anesthesiology, internal medicine, in addition to cardiology, can expand faculty resources. Engaging postgraduate residents from these disciplines to be POCUS teachers can expand the pool of instructors as well as contribute to resident competencies as teacher and POCUS expert. Another solution is to consider nonphysician experts such as sonographers as instructors. However, rotation through a busy echocardiography laboratory can place additional burden on professionals who do not have formal training as educators. Confusion with respect to the goals of training also occurs. Targeting more intensive training on a smaller group of medical student ''super-users'' or using upper-year students already trained has potential to create a pool of peer tutors who can also contribute to the implementation of a curriculum to a large mass of students with few faculty members. It should be cautioned however that at least one published account of peer-topeer teaching resulted in an increase in the false positive rate, when tested at the postgraduate level. 44 
Legal, Ethical, Philosophical Considerations
The focus of this review was to assess the current state of cardiac POCUS teaching in medical schools, and many aspects, including legal, financial, philosophical, and ethical uses of POCUS, are beyond its scope. However, these are important considerations requiring further inquiry. On one hand, the handheld POCUS device is heralded as the new stethoscope, 45 and on the other, practical issues such as the amount of training, guidelines for use, and storage and documentation recommendations, are not yet established. The current approach of the ASE's POCUS task force and the Canadian Society of Echocardiography POCUS committee is to consider cardiac POCUS use by medical students to be a tool to help teach anatomy, to enhance the cardiovascular physical examination, and to serve as an introductory skill that may complement existing care approaches following further development of specialty-specific skills at the postgraduate level. To this end both societies are working toward establishing tools for introducing medical students to cardiac POCUS through the development of a curriculum. Given that medical students may further differentiate into areas of specialization during residency programs that require skills in only particular aspects of the cardiac ultrasound protocol, the final level of ultrasound training should be left to those specialty programs (i.e., emergency, anesthesia, critical care, internal medicine, and cardiology have different ultrasound certification programs).
Currently there are no published legal accounts related to pocketsized imaging device use by medical students. However, this important discussion needs to begin. As this is a review of current literature, we are not positioned to provide legal recommendations but suggest further research into the use of POCUS considering the following aspects related to the legal issues: (1) What is the role of the operator to explain to the patient, and other members of the care team, that the scan being obtained is for physical examination purposes or point of care testing, as opposed to formal echocardiography? (2) How should cardiac POCUS scans be documented, stored, archived, compared? Figure 1 A potential approach to integrating cardiac ultrasound teaching during medical school. In this potential approach, the introduction of cardiac ultrasound could be modular to complement established training goals. If anatomy and physiology are taught early, cardiac ultrasound may help in the spatial understanding of structure and basic cardiac function. Introduction to machine functioning (''knobology'') can also begin at this stage. In the middle years of medical school, following introduction of the cardiovascular system, or simultaneously, ultrasound images of basic disease types can be introduced. Image acquisition skills can begin with the goals of recognizing basic pathology such as pericardial effusion, left ventricular dysfunction, aortic stenosis, and mitral regurgitation. For senior-year medical students, cardiac ultrasound may help in learning auscultation skills and be taught as an adjunct to the cardiac physical examination. Fluid status assessment (inferior vena cava) and basic lung views can be introduced. Understanding of how cardiac POCUS can integrate within the care pathway and complement existing imaging technology could be studied. Advancedlevel imaging will be dictated by specialty needs, several of which have formal certification programs. (3) Are all cardiac POCUS scans part of the physical examination, or are some considered diagnostic testing? How do we decide? (4) Should medical students be applying technology for the assessment of their patients or should this be considered a delegated act? Should this application be supervised (overreading) or unsupervised?
Currently there is little published evidence dealing with the legal aspects of cardiac POCUS use.
Summary. Current limitations faced by medical schools for teaching cardiac POCUS include the limitations of the technology and the lack of knowledge related to its diagnostic accuracy in the hands of undergraduates. Other important limitations include personnel resources to teach skills and a lack of legal and philosophical discourse.
CURRENT RECOMMENDATIONS
Currently there are no randomized trials demonstrating that teaching cardiac POCUS at the medical student level is advantageous over teaching at the postgraduate level. However, despite this lack of evidence, POCUS training at the medical student level continues to be implemented by program directors across North America and is in fact in demand by trainees. 28, 46, 47 For example, when the vice deans of Canadian medical schools were polled, they overwhelmingly (77% of the 13 responding schools) responded that there is a need to incorporate POCUS training programs into their primary medical education. 47 Similarly, of the responding Canadian medical schools, more than half had already integrated POCUS into their undergraduate medical education. 47 The goal of this review was to review published accounts of this emerging trend and summarize common elements found in these programs, rather than create a training recommendation document. These elements may serve as a framework for program directors wishing to create POCUS curricula within their schools or for organizations such as ASE to create a standardized curriculum. Although there are currently no standardized guidelines for creating a novel POCUS education program for medical schools, common or useful elements gleaned by the authors of this review were noted to be (1) prerequisite knowledge: cardiac physical examination or anatomic didactic and laboratory teaching; (2) skills: hands-on training with ultrasound units, image acquisition, and interpretation training; (3) evaluation: competency-based assessments; (4) goals: teaching of cardiac POCUS aimed at enhancing cardiac physical examination skills or augmenting anatomic learning; (5) scope: the principle that cardiac POCUS training at the medical student level serve as a basic introduction with further specialty-tailored skill development at the postgraduate level; and finally (6) context: provision of an understanding of how cardiac POCUS integrates into clinical care flow pathway, appropriateness, limitations, and relation to advanced or formal imaging such as echocardiography.
Following review of the review of various medical schools, we noted a highly varied approach to the timing and programming of medical school teaching in general, so any attempt to build a standardized cardiac POCUS curriculum may be most successful if it is modular, allowing topics to be introduced at variable times as felt best by program directors. Figure 1 demonstrates a potential approach to incorporating POCUS into the medical school curriculum on the basis of a synthesis of reports reviewed herein. Figure 2 provides some potential cardiac POCUS images as archetypal examples for various learning contexts. This review may serve as a starting point for development of a standardized global curriculum for teaching cardiac POCUS to medical students.
CONCLUSIONS
There continues to be a shift toward earlier introduction of POCUS in medical education. The studies reviewed suggest that undergraduate education is a viable point at which to introduce basic POCUS concepts in their own right and as learning tools. Current approaches to the duration of undergraduate training, methodology of teaching, and evaluation are highly variable. Common themes include the use of POCUS as a tool to teach anatomy, to enhance the physical examination, and as an introductory diagnostic skill in anticipation of further subspecialty development.
An ASE-designed medical school curriculum will consist of six online expanded modules based on this work which will appear under the Education tab on the ASE website (asecho.org) with a planned launch date for the beta version of June 2018 (Johri, personal communication, 2018).
